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t has been almost a decade since the introduction of the
taging system for heart failure (HF) in the American
ollege of Cardiology/American Heart Association guide-
ines (1), emphasizing the progressive nature of HF and the
mportance of recognizing HF in its early stages. Also
ithin the past decade, HF with preserved ejection fraction
HFPEF) has emerged as the dominant and increasing form
f HF in aging populations (2). Intense efforts to charac-
erize this syndrome have mainly focused on patients after
vert decompensation and hospitalization (2–4). In contrast,
ew have studied patients with less advanced stages of HFPEF.
significant obstacle to the early recognition of HFPEF is the
onspecificity of its chief presenting symptom—exertional
yspnea, particularly in elderly patients with multiple co-
orbidities. Several diagnostic criteria have been proposed
5–7). None have, however, been validated in large clinical
tudies or evaluated in early presentations of HFPEF, such
s stable outpatients at initial diagnosis.
See page 1701
oday in the Journal
n this issue of the Journal, Penicka et al. (8) focus precisely
n this subset of HFPEF outpatients at first diagnosis.
hirty outpatients with an ejection fraction 50% and
nexplained dyspnea (of slightly more than 1 year’s dura-
ion) underwent right and left heart catheterization using
onductance catheters. Pressure-volume loops were ob-
ained during steady state (single-beat method) at rest and
ith hand grip, leg raising, nitroprusside infusion, and
obutamine infusion. HFPEF, defined as left ventricular
Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or the
merican College of Cardiology.
From the National Heart, Lung, and Blood Institute’s Framingham Heart Study,c
ramingham, Massachusetts; Mayo Clinic, Rochester, Minnesota; and the National
niversity Health System, Singapore.LV) end-diastolic pressure16 mm Hg (7), was present in
0 (67%) patients. That increased LV filling pressures may
e present in a large proportion of outpatients with unex-
lained dyspnea is a key finding. Patients were predomi-
antly women (75%), had confirmed exercise intolerance
haracteristic of this syndrome (9), and were, on average,
ounger (mean age 67 years) than patients in epidemiologic
tudies (2), suggesting early diagnosis. These findings con-
ribute to the notion that early stages of HFPEF are
ommon and may easily be missed.
Compared with controls (mean age 66 years, 67%
omen) at baseline, HFPEF patients had more abnormal
chocardiographic indices of LV diastolic dysfunction and
howed a trend toward increased B-type natriuretic peptide
oncentrations. Notably, based on noninvasive tests alone,
nly 5 (25%) of the cases fulfilled the European Society of
ardiology criteria (7) for a diagnosis of HFPEF. At
atheterization, HFPEF patients had greater LV end-
iastolic pressure (by definition), end-systolic pressure, di-
stolic dysfunction, pulmonary capillary wedge pressure, and
ulmonary artery systolic pressure, whereas cardiac volumes,
eart rate, cardiac output, and ejection fraction were similar
ompared with controls. Hemodynamic provocation
rought LV end-diastolic pressure above the threshold
or diagnosis in 3 patients with normal resting values.
FPEF patients had more ventricular dyssynchrony
ompared with controls at all phases of the study, whereas
evere mitral regurgitation developed with hand-grip
xercise in 2 patients.
Penicka et al. (8) highlight the lack of sensitivity of the
uropean Society of Cardiology criteria (7) for E/E= and
-type natriuretic peptide in stable HFPEF outpatients.
he original European criteria (5) were importantly updated
o include specific recommendations regarding these con-
emporary, widely used markers in the diagnosis of HFPEF
7). It must be clarified that the poor accuracy of the criteria
n this study pertains only to the noninvasive markers taken
n isolation because, by definition, all patients would have
atisfied the European Society of Cardiology criteria by
nvasive measurement. Further, the utility of noninvasive
esting after hemodynamic maneuvers was not studied. The
verarching message is for clinicians to critically evaluate
esults of noninvasive tests in the context of the clinical
etting and to consider cardiac catheterization when diag-
ostic suspicion is present. At catheterization, provocative
aneuvers may be required to establish the diagnosis.
learly, future studies are needed to validate the existing
iagnostic criteria.
Diastolic dysfunction is a key pathophysiologic factor in
FPEF. Invasive studies in chronic HFPEF (4,10) and
ospitalized HFPEF (3) patients have shown a leftward and
pward shift of the LV end-diastolic pressure-volume rela-
ionship. Penicka et al. (8) now attempt to demonstrate this
n newly diagnosed HFPEF outpatients. Their use of
onductance catheters allowed simultaneous pressure and
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HF With Preserved Ejection Fraction April 20, 2010:1711–2olume measurements without the pitfalls of trying to assess
nstantaneous volume by a separate modality. However, an
mportant limitation is the lack of acute preload alteration to
efine the end-diastolic pressure-volume relationship
multiple-beat method). This limits the interpretation of
urrent results because the single-beat method has the
ollowing disadvantages. 1) Given the curvilinear shape of
he end-diastolic pressure-volume relationship, the “oper-
nt” LV stiffness by single-beat assessment will depend on
here on the volume axis this is measured (being higher at
igher operating volumes). 2) When LV relaxation is
arkedly prolonged and extends into mid or late diastole,
ingle-beat measurement of diastolic pressures will be influ-
nced by effects of prolonged relaxation and not just passive
V stiffness alone. Careful analysis is required to account for
his (10,11). 3) The effect of external forces (pericardial
onstraint and ventricular interdependence) on LV diastolic
ressures can be significant (12,13) but cannot be discerned
y the single-beat method. The load dependency of single-
eat measurements is of particular concern when loads are
ot matched between groups. The current observed differ-
nces between cases and controls during catheterization may
e expected on the basis of using LV end-diastolic pressure
o define cases, although pulmonary capillary wedge pres-
ures were also elevated in cases, suggesting that results
ould be similar using pulmonary wedge pressure for the
ase definition.
In addition to diastolic dysfunction, Penicka et al. (8)
uggest that ventricular dyssynchrony and dynamic mitral
egurgitation may contribute to the pathophysiology of
FPEF. A direct relationship between severity of dyssyn-
hrony and LV filling pressure, suggesting a pathophysio-
ogic role, was demonstrated in a single patient with
obutamine infusion. QRS durations were not provided.
ynamic mitral regurgitation in 2 patients was attributable
o papillary muscle dysfunction from previous infarction.
hese findings, although intriguing, are far from conclusive,
iven the small numbers. Pulmonary artery systolic pressure
as also increased in HFPEF, but how this related to
ulmonary venous hypertension (14) or changed with he-
odynamic maneuvers was not assessed.
onclusions
his study by Penicka et al. (8) shows that HFPEF is
ommon in outpatients with unexplained dyspnea but may
e easily missed on noninvasive testing. Invasive testing may
e particularly useful for the early diagnosis of this syn-
rome. Unanswered questions include how best to risk
tratify patients for invasive testing, and the utility of
xercise stress testing or noninvasive testing after hemody-
amic interventions. There is an urgent call for validation of
xisting diagnostic guidelines. Yet, the accurate diagnosis is
K
dut the first step in the management of the patient. It is a
obering thought that, although diagnostic guidelines have
volved over the past decade, therapeutic guidelines have
emained unchanged due to a continued lack of proven
herapies.
eprint requests and correspondence: Dr. Carolyn S. P. Lam,
ramingham Heart Study, 73 Mt. Wayte Avenue, Framingham,
assachusetts 01702. E-mail: lam.suping@mayo.edu.
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